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Table 5-3 lists information about different-sized high-speed control transfers and the maximum number of
transfers possible in a microframe. This table was generated assuming that there is one Data stage
transaction and that the Data stage has a zero-length status stage. The table illustrates the possible power of
two data payloads less than or equal to the allowable maximum data payload size. The table does not
include the overhead associated with bit stuffing.

Table 5-3. High-speed Control Transfer Limits

Protocol Overhead (Based on 480Mb/s and 8 bit interpacket gap, 88 bit min bus
173 bytes turnaround, 32 bit sync, 8 bit EOP: (9x4 SYNC bytes,
( yt Y Y
9 PID bytes, 6 EP/ADDR+CRC,6 CRC16, 8 Setup data,
9x(1+11) byte interpacket delay (EOP, efc.))

_—_— ——_
Data Max Bandwidth Microframe Max Bytes Bytes/
Payload | (bytes/second) Bandwidth Transfers | Remaining Microframe

per Transfer Useful Data

1 344000 2% 43 ‘ 18 43

2 672000 2% 42 ‘ 150 84

4 1344000 2% 42 | 66 168

8 2624000 2% 41 ‘ 79 328

16 4992000 3% 39 ‘ 129 624

32 9216000 3% 36 120 1152

64 15872000 3% 31 153 1984

Max 60000000 7500

5.5.5 Control Transfer Data Sequences

Control transfers require that a Setup bus transaction be sent from the host to a device to describe the type of
control access that the device should perform. The Setup transaction is followed by zero or more control
Data transactions that carry the specific information for the requested access. Finally, a Status transaction
completes the control transfer and allows the endpoint to return the status of the control transfer to the client
software. After the Status transaction for a control transfer is completed, the host can advance to the next
control transfer for the endpoint. As described in Section 5.5.4, each control transaction and the next

control transfer will be moved over the bus at some Host Controller implementation-defined time.

The endpoint can be busy for a device-specific time during the Data and Status transactions of the control
transfer. During these times when the endpoint indicates it is busy (refer to Chapter § and Chapter 9 for
details), the host will retry the transaction at a later time.

If a Setup transaction is received by an endpoint before a previously initiated control transfer is completed,
the device must abort the current transfer/operation and handle the new control Setup transaction. A Setup
transaction should not normally be sent before the completion of a previous control transfer. However, if a
transfer is aborted. for example, due to errors on the bus, the host can send the next Setup transaction
prematurely from the endpoint’s perspective.
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Table 5-4. Full-speed Isochronous Transaction Limits

Protocol Overhead (9 bytes)

(2 SYNC bytes, 2 PID bytes, 2 Endpoint + CRC bytes,

2 CRC bytes, and a 1-byte interpacket delay)

Data Max Frame Max Bytes Bytes/Frame
Payload | Bandwidth(bytes/ Bandwidth Transfers | Remaining Useful Data
second) per Transfer
1 150000 1% 150 0 150
2 272000 1% 136 4 272
4 460000 1% 115 5 460
8 704000 1% 88 4 704
16 960000 2% 60 0 860
32 1152000 3% 36 24 1152
64 1280000 5% 20 40 1280
128 1280000 9% 10 130 1280
256 1280000 18% 5 175 1280
512 1024000 35% 2 458 1024
1023 1023000 69% 1 468 1023
Max 1500000 1500
45
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Table 5-5 lists information about different-sized high-speed isochronous transactions and the maximum
number of transactions possible in a microframe. The table is shaded to indicate that a high-speed
isochronous endpoint must not be part of a default interface setting. The table does not include the overhead
associated with bit stuffing.

Any given transaction for an isochronous pipe need not be exactly the maximum size specified for the
endpoint. The size of a data payload is determined by the transmitter (client software or function) and can
vary as required from transaction to transaction. The USB ensures that whatever size is presented to the
Host Controller is delivered on the bus. The actual size of a data payload is determined by the data
transmitter and may be less than the prenegotiated maximum size. Bus errors can change the actual packet
size seen by the receiver. However, these errors can be detected by either CRC on the data or by knowledge
the receiver has about the expected size for any transaction.

Table 5-5. High-speed Isochronous Transaction Limits

Protocol Overhead (Based on 480Mb/s and 8 bit interpacket gap, 88 bit min bus
turnaround, 32 bit sync, 8 bit EOP: (2x4 SYNC bytes, 2 PID
bytes, 2 EP/ADDR+addr+CRC5, 2 CRC16, and a 2x(1+11))
byte interpacket delay (EOP, etc.))

mmmmmmeo, —————————
Data Max Microframe Max Bytes Bytes/
Payload Bandwidth Bandwidth Transfers | Remaining MicroFrame
(bytes/second) per Transfer Useful Data
1 1536000 1% 192 12 192
2 2992000 1% 187 20 374
4 5696000 1% 178 24 712
8 10432000 1% 163 2 1304
16 17664000 1% 138 48 2208
32 27392000 1% 107 10 3424
64 37376000 1% 73 54 4672
128 46080000 2% 45 30 5760
256 51200000 4% 25 150 6400
512 53248000 % 13 350 6656
1024 57344000 14% 7 66 7168
2048 49152000 28% 3 1242 6144
3072 49152000 41% 2 1280 6144
Max 60000000 7500
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¢  Has transferred exactly the amount of data expected
e  Transfers a packet with a payload size less than wMaxPacketSize or transfers a zero-length packet

When an interrupt transfer is complete, the Host Controller retires the current IRP and advances to the next
IRP. If a data payload is received that is larger than expected. the interrupt IRP will be aborted/retired and
the pipe will stall future IRPs until the condition is corrected and acknowledged.

All high-speed device default interface settings must not include any interrupt endpoints with a data payload
size (specified via wMaxPacketSize in the endpoint descriptor) greater than 64 bytes. Alternate interface
settings may specify larger data payload sizes for interrupt endpoints. If the interrupt endpoints have a large
data payload size, it is recommended that additional configurations or alternate interface settings be used to
specify a range of data payload sizes. This increases the chances that the device can be used successfully in
combination with other USB devices.

5.7.4 Interrupt Transfer Bus Access Constraints

Interrupt transfers can be used by low-speed. full-speed, and high-speed devices. High-speed endpoints can
be allocated at most 80% of a microframe for periodic transfers. The USB requires that no more than 90%
of any frame be allocated for periodic (isochronous and interrupt) full-/low-speed transfers.

The bus frequency and (micro)frame timing limit the maximum number of successful interrupt transactions
within a (micro)frame for any USB system to less than 108 full-speed one-byte data payloads, or less than
10 low-speed one-byte data payloads, or to less than 134 high-speed one-byte data payloads. A Host
Controller, for various implementation reasons, may not be able to provide the above maximum number of
interrupt transactions per (micro)frame.

Table 5-6 lists information about different low-speed interrupt transactions and the maximum number of
transactions possible in a frame. Table 5-7 lists similar information for full-speed interrupt transactions.
Table 5-8 lists similar information for high-speed interrupt transactions. The shaded portion of Table 5-8
indicates the data payload sizes of a high-speed inierrupt endpoint that must not be part of a default interface
setting. The tables do not include the overhead associated with bit stufTing.

Table 5-6. Low-speed Interrupt Transaction Limits

Protocol Overhead (5 SYNC bytes, 5 PID bytes, 2 Endpoint + CRC bytes,
(19 bytes) 2 CRC bytes, and a 5-byte interpacket delay)
Data Max Bandwidth Frame Max Bytes Bytes/Frame
Payload | (bytes/second) Bandwidth Transfers | Remaining Useful Data
per Transfer
1 9000 11% 9 7 9
2 16000 1% 8 19 16
4 32000 12% 8 3 32
8 48000 14% 6 25 48
Max 187500 187
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Table 5-8. High-speed Interrupt Transaction Limits

Protocol Overhead (Based on 480Mb/s and 8 bit interpacket gap, 88 bit min
bus turnaround, 32 bit sync, 8 bit EOP: (3x4 SYNC bytes,
3 PID bytes, 2 EP/ADDR+CRC bytes, 2 CRC16 and a
3x(1+11) byte interpacket delay(EOP, etc.))
—_—
Data Max Microframe Max Bytes Bytes/
Payload Bandwidth Bandwidth | Transfers | Remaining Microframe
(bytes/second) per Transfer Useful Data
1 1064000 1% 133 52 133
2 2096000 1% 131 33 262
4 4064000 1% 127 7 508
8 7616000 1% 119 3 952
16 13440000 1% 105 45 1680
32 22016000 1% 86 18 2752
64 32256000 2% 63 3 4032
128 40960000 2% 40 180 5120
256 49152000 4% 24 36 6144
512 53248000 8% 13 129 6656
1024 49152000 14% 6 1026 6144
2048 48152000 28% 3 1181 6144
3072 49152000 42% 2 1246 6144
Max 60000000 7500

An endpoint for an interrupt pipe specifies its desired bus access period. A full-speed endpoint can specify
a desired period from 1 ms to 255 ms. Low-speed endpoints are limited to specifying only 10 ms to 255 ms.
High-speed endpoints can specify a desired period (2""")x125 s, where binterval is in the range 1 to
(including) 16. The USB System Software will use this information during configuration to determine a
period that can be sustained. The period provided by the system may be shorter than that desired by the
device up to the shortest period defined by the USB (125 pis microframe or 1 ms frame). The client
software and device can depend only on the fact that the host will ensure that the time duration between two
transaction attempts with the endpoint will be no longer than the desired period. Note that errors on the bus
can prevent an interrupt transaction from being successfully delivered over the bus and consequently exceed
the desired period. Also, the endpoint is only polled when the software client has an IRP for an interrupt
transfer pending. If the bus time for performing an interrupt transfer arrives and there is no IRP pending,
the endpoint will not be given an opportunity to transfer data at that time. Once an IRP is available, its data
will be transferred at the next allocated period.
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5.9.2 High Bandwidth Isochronous Endpoints

For isochronous transactions, if an IN endpoint provides less than a maximum data payload as specified by
its endpoint descriptor, the host must not issue further transactions for that endpoint for that microframe.

For an isochronous OUT endpoint, the host controller must issue the number of transactions as required for
the actual data provided, not exceeding the maximum number specified by the endpoint descriptor. The
transactions issued must adhere to the maximum payload sizes as specified in the endpoint descriptor.

No retries are ever done for isochronous endpoints.

High bandwidth isochronous endpoints (IN and OUT) must support data PID sequencing. Data PID
sequencing provides the required support for the data receiver to detect one or more lost/damaged packets
per microframe.

Data PID sequencing for a high-speed, high bandwidth isochronous IN endpoint uses a repeating sequence
of DATA2, DATAL, DATAO PIDs for the data packet of each transaction in a microframe. If there is only
a single transaction in the microframe, only a DATAO data packet PID is used. If there are two transactions
per microframe, DATA] is used for the first transaction data packet and DATAD is used for the second
transaction data packet. 1f there are three transactions per microframe, DATAZ2 is used for the first
transaction data packet, DATA1 is used for the second, and DATAO is used for the third. In all cases, the
data PID sequence starts over again the next microframe. Figure 5-11 shows the order of data packet PIDs
that are used in subsequent transactions within a microframe for high-bandwidth isochronous IN endpoints.

1 transaction, <1024 bytes: -
2 ransactions, 513-1024 bytes ea.. ~ DATA1  [NDATAOY

3 transactions, 683-1024 bytes ea.: = DATA2  DATA1 | DATAD|

Figure 5-11. Data Phase PID Sequence for Isochronous IN High Bandwidth Endpoints

An endpoint must respond to an IN token for the first transaction with a DATA2 when it requires three
transactions of data to be moved. It must respond with a DATA] for the first transaction when it requires
two transactions and with a DATAOD when it requires only a single transaction. After the first transaction,
the endpoint follows the data P1D sequence as described above.

The host knows the maximum number of allowed transactions per microframe for the IN endpoint. The
host expects the response o the first transaction to encode (via the data packet PID) how many transactions
are required by the endpoint for this microframe. If the host doesn’t receive an error-free, appropriate
response to any transaction, the host must not issue any further transactions to the endpoint for that
microframe. When the host receives a DATAO data packet from the endpoint, it must not issue any further
transactions to the endpoint for that microframe.

Data PID sequencing for a high-speed. high bandwidth isochronous OUT endpoint uses a different sequence
than that used for an IN endpoint. The host must issue a DATAO data packet when there is a single
transaction. The host must issue an MDATA for the first transaction and a DATAI for the second
transaction when there are two transactions per microframe. The host must issue two MDATA transactions
and a DATA2 for the third transaction when there are three transactions per microframe. These sequences
allow the endpoint to detect if there was a lost/damaged transaction during a microframe. Figure 5-12
shows the order of data packet PIDs that are used in subsequent transactions within a microframe for high-
bandwidth isochronous OUT,
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1 transaction, <1024 bytes: -
2 transactions, 513-1024 bytes ea.: [JMDATAY  DATA1

3 transactions, 683-1024 bytes ea.: - - 'DATA2

Figure 5-12. Data Phase PID Sequence for Isochronous OUT High Bandwidth Endpoints

If the wrong OUT transactions are detected by the endpoint, all of the data transferred during the
microframe musl be treated as il it had encountered an error. Note that (or the three transactions per
microframe case with a missing MDATA transaction, USB provides no way for the endpoint to determine
which of the two MDATA transactions was lost. There may be application specific methods to more
precisely determine which data was lost, but USB provides no method to do so at the bus level.

5.10 Split Transactions

Host controllers and hubs support one additional transaction type called split transactions. This transaction
type allows full- and low-speed devices to be attached to hubs operating at high-speed. These transactions
involve only host controllers and hubs and are not visible to devices. High-speed split transactions for
interrupt and isochronous transfers must be allocated by the host from the 80% periodic portion of a
microframe. More information on split transactions can be found in Chapter 8 and Chapter 11.

5.11 Bus Access for Transfers
Accomplishing any data transfer between the host and a USB device requires some use of the USB
bandwidth. Supporting a wide variety of isochronous and asynchronous devices requires that each device’s
transfer requirements are accommodated. The process of assigning bus bandwidth to devices is called
transfer management. There are several entities on the host that coordinate the information flowing over the
USB: client sofiware, the USB Driver (USBD), and the Host Controller Driver (HCD). Implementers of
these entities need to know the key concepts related to bus access:

e Transfer Management: The entities and the objects that support communication flow over the USB

e Transaction Tracking: The USB mechanisms that are used to track transactions as they move through
the USB system

¢ Bus Time: The time it takes to move a packet of information over the bus
e Device/Software Buffer Size: The space required to support a bus transaction

¢  Bus Bandwidth Reclamation: Conditions where bandwidth that was allocated to other transfers but was
not used and can now be possibly reused by control and bulk transfers

The previous sections focused on how client software relates to a function and what the logical flows are
over a pipe between the two entities. This section focuses on the different parts of the host and how they
must interact to support moving data over the USB. This information may also be of interest to device
implementers so they understand aspects of what the host is doing when a client requests a transfer and how
that transfer is presented to the device.
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Figure 5-17. USB Full-speed Isochronous Application
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Fg Sample Clock [ | | | | I | | | | | | | | | |

#Byles/Sample: hy

Fgqe Bus Clock

Fs

F‘IOF

I
#Bytes/Buffer (2 Packets): B=2xP

#Bytes/Packet: P =Ceil( )X S

F, Service Clock

Ceil(Fsor
I
F

X

#Packels/Service: N=

Byle Buffer for 2 Services: M =2xNx P

Figure 5-20. Packet and Buffer Size Formulas for Rate-matched Isochronous Transfers

The USB data model assumes that devices have some natural sample size and rate. The USB supports the
transmission of packets that are multiples of sample size to make error recovery handling easier when
isochronous transactions are damaged on the bus. If a device has no natural sample size or if its samples are
larger than a packet, it should describe its sample size as being one byte. If a sample is split across a data
packet, the error recovery can be harder when an arbitrary transaction is lost. In some cases. data
synchronization can be lost unless the receiver knows in what (micro)frame number each partial sample is
transmitted. Furthermore, if the number of samples can vary due to clock correction (e.g., for a non-derived
device clock), it may be difficult or inefficient to know when a partial sample is transmitted. Therefore, the
USB does not split samples across packets.
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Chapter 6
Mechanical

This chapter provides the mechanical and electrical specifications for the cables, connectors, and cable
assemblies used to interconnect USB devices. The specification includes the dimensions, materials,
electrical, and reliability requirements. This chapter documents minimum requirements for the external
USB interconnect. Substitute material may be used as long as it meets these minimums.

6.1 Architectural Overview

The USB physical topology consists of connecting the downstream hub port to the upstream port of another
hub or to a device. The USB can operate at three speeds. High-speed (480 Mb/s) and full-speed (12 Mb/s)
require the use of a shielded cable with two power conductors and twisted pair signal conductors. Low-
speed (1.5 Mb/s) recommends, but does not require the use of a cable with twisted pair signal conductors.

The connectors are designed to be hot plugged. The USB Icon on the plugs provides tactile feedback
making it easy to obtain proper orientation.

6.2 Keyed Connector Protocol

To minimize end user termination problems, USB uses a “keyed connector™ protocol. The physical
difference in the Series “A™ and “B” connectors insures proper end user connectivity. The “A™ connector
is the principle means of connecting USB devices directly to a host or to the downstream port of a hub. All
USB devices must have the standard Series “A™ connector specified in this chapter. The “B" connector
allows device vendors to provide a standard detachable cable. This facilitates end user cable replacement.
Figure 6-1 illustrates the keyed connector protocol.

Series "A" Connectors Series "B" Connectors
¢ Scries "A" plugs are + Scries "B" plugs are
always oriented upstream always oriented
towards the Host System downstream towards the
USB Device
"A" Plugs
(From the "R" P|
: & ugs
USB Device) (From the
Hast System)

"A" Receptacles &
(Downstream Output <
from the USB Host or !

"B" Receptacles

(Upstream Input to the
T USB Device or Hub)

Figure 6-1. Keyed Connector Protocol
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8 | 7 | 5 | 5 | 4 | 3 | 2 | 1
IMPORTANT NOTICE: All standard detachable cable assemblies must be
high-/full-speed.

H
= A= > B i
4 E=IpE [ =
D = G
A< > B
Overmolded Series "A" Plug Overmolded Series "B" Plug |
(Always upstream towards the "host® system.) (Always downstream towards the USE Device.)
E
DetailC -C
(Typical USB Shielded Cable)
Detail A- A Detail B - B e
(Series "A" Plug) (Series "B" Plug) Polyvinyl Chioride (PVC) Jacket
> B5% Tinned Copper Braided Shield
15.7 Aluminum Metallized Polyester Inner Shield |—
7.5 r 28 AWG STC Draln Wire
(Fooom) (L () S
| == )
Red (Veus) y } Green (D +)
|:|°|:| 12.0 12.0 Black (Ground) White (D -) il
A
- -
27.0 o c
' All dimensions are in millimeters (mm)
unless otherwise noted.
A Dimensions are TYPICAL and are for
- 1 general reference purposes only.
2.0 -
9.0 8
Optional Molded
Strain Relief
Series "A" Plug to Series "B" Plug
USB Standard Detachable
Cable Assembly A
SRZE DATE DRAWING NUMBER REV
A ] 2/98 N/A ] c
SCALE: NIA [—SHEET 10of1
8 | 7 6 | 5 4 3 | 2 | [
Figure 6-2, USB Standard Detachable Cable Assembly
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8 | T | 3 5 | 4 | 3 | 2 | 1
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Figure 6-3. USB High-/full-speed Hardwired Cable Assembly
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@

| 7 | & | 5 | 4 | 3 | 2 | 1

IMPORTANT NOTICE: For use in low-speed applications only.
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Figure 6-4. USB Low-speed Hardwired Cable Assembly
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6.5 Connector Mechanical Configuration and Material Requirements
The USB Icon is used to identify USB plugs and the receptacles. Figure 6-3 illustrates the USB Icon.

All dimensions are £ 5%

Dia:t.33L,  033L
¢

Dia:1.67 L

Dia:L
150L \

>

1.50L

-
Dia:1.33 L"
167L » o3;L | L

-233L »

3T5L -
-5
«—BATL >
6251
“—800L

4444

Figure 6-5. USB Icon

6.5.1 USB lcon Location

The USB Icon is embossed, in a recessed area, on the topside of the USB plug. This provides easy user
recognition and facilitates alignment during the mating process. The USB Icon and Manufacturer’s logo
should not project beyond the overmold surface. The USB Icon is required, while the Manufacturer’s logo
is recommended, for both Series “A™ and “B” plug assemblies. The USB Icon is also located adjacent to
each receptacle. Receptacles should be oriented to allow the Icon on the plug to be visible during the
mating process. Figure 6-6 illustrates the typical plug orientation.

Top View

-

Optional Top A |
“Logator Detail" j\ -

=

" Locator
Height
Approximately
0.6mm
(0.024")
Manufacturer's
Engraved USB Engraved Logo
lcon
Locator Width
Approximately
3 0.5mm
Overmolding (0.020")
0.6mm (0.024") 0.6mm (0.024") Max
Max Manufacturer's i
USB Icon _'| |’ ” Logo Optional To;?
Engraving Recess Engraving Recess "Locator Detail"

Section A- A

{Plug Cross-Section}

Figure 6-6. Typical USB Plug Orientation
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Figure 6-7. USB Series '""A" Receptacle Interface and Mating Drawing
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Figure 6-8. USB Series "B" Receptacle Interface and Mating Drawing
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Figure 6-9. USB Series "A" Plug Interface Drawing
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Figure 6-10. USB Series “B” Plug Interface Drawing
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6.6 Cable Mechanical Configuration and Material Requirements

High-/full-speed and low-speed cables differ in data conductor arrangement and shielding. Low-speed
recommends, but does not require, use of a cable with twisted data conductors. Low speed recommends,
but does not require, use of a cable with a braided outer shield. Figure 6-11 shows the typical high-/full-
speed cable construction.

Polyvinyl Chloride (PVC) Jacket

on-Twisted Power Pair:
Red: Veus
Black: Power Ground
Outer Shield > 65% Interwoven
Tinned Copper Braid

Inner Shield Aluminum
Metallized Polyester

Twisted Signaling Pair:
White: D-
Green: D+

28 AWG Tinned
Copper Drain Wire

Figure 6-11. Typical High-/full-speed Cable Construction

6.6.1 Description

High-/full-speed cable consists of one 28 to 20 AWG non-twisted power pair and one 28 AWG twisted data
pair with an aluminum metallized polyester inner shield, 28 AWG stranded tinned copper drain wire,
> 65% tinned copper wire interwoven (braided) outer shield, and PVC outer jacket.

Low-speed cable consists of one 28 to 20 AWG non-twisted power pair and one 28 AWG data pair (a twist
is recommended) with an aluminum metallized polyester inner shield, 28 AWG stranded tinned copper
drain wire and PVC outer jacket. A > 65% tinned copper wire interwoven (braided) outer shield is
recommended.
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| NOTES:
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Figure 6-14. Single Pin-type Series "B" Receptacle
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